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Description 

FIELD OF THE INVENTION 

5 [0001 ] The present invention relates to a method for making a metallurgical powder composition of the kind containing 
organic lubricant and sintering aids. More specifically, the method relates to the preparation of compositions of iron- 
based powders in which a metal salt of a fatty acid is bonded to the surfaces of the individual iron-based powders. The 
organic portion of the metal salt provides lubricity during compaction and the metal portion of the salt provides an alloy- 
ing component for the iron and in particular functions as a sintering aid. 

10 

BACKGROUND OF THE INVENTION 

[0002] The use of powder metallurgical techniques in the production of metal parts is well established. In such man- 
ufacturing, iron or steel powders are often mixed with one other alloying element, also in particulate form, followed by 

75 compaction and sintering. The presence of the alloying elements permits the attainment of strength and other mechan- 
ical properties in the sintered parts at levels that could not be reached with unalloyed iron or steel powders alone. 
[0003] In one aspect of this alloying procedure, it is an aim to have additional metals adhered in some manner to the 
surface of the iron-based particles so that upon compaction and sintering, desired alloys form along the grain bounda- 
ries. One art-recognized technique for accomplishing this result is to coat the iron-based particles with a sticky sub- 

20 stance and then apply a dusting of the alloying materials, in fine particulate form, to coat the iron-based particles. The 
coated iron-based particles can then be heated to produce diffusion-bonded alloy particles on the surface of the core 
particles. The final parts made from the compaction and sintering of such pretreated powders have been known to 
attain improved density and strength. However, the original application of the alloying metal to the surfaces of the indi- 
vidual iron particles is often not uniform. 

25 [0004] In some practices, the iron-based particles are admixed with particles of the alloying material as well as with 
small amounts of an organic binder that is used to bind or "glue" the alloying powders to the iron-based particles. Such 
compositions are generally not subjected to a pretreatment in order to diffusion-bond the alloying particles to the sur- 
faces of the underlying iron-based particles (see however GB-A-1 162072), but rather are used "as is" in the further 
compaction and sintering steps leading to the finished metal part. It is known, however, that some such organic binders 

30 have adversely affected the compressibility of the powder, thereby lowering the density of the pressed "green" part as 
well as that of the final sintered part. 

[0005] Powder metallurgical compositions are also traditionally provided with a lubricant, such as a metal stearate, a 
paraffin, or a synthetic wax, in order to facilitate ejection of the compacted green component from the die. The friction 
forces which must be overcome in order to remove a compacted part from the die, which generally increase with the 

35 pressure used to compact the part, are measured as the "stripping" and "sliding" pressures. The lubricants generally 
reduce these pressures, but their presence can also adversely affect compressibility of the powder composition. 
Although the compressibility of iron-based powder compositions that contain particulate alloy materials can be 
increased by reducing the amount of lubricant used, the resulting decrease in lubricity can cause unacceptably large 
increases in the ejection forces, which can result in scoring of the die, loss of die life, and imperfections in the surface 

40 of the compacted part. A traditional method for combining a lubricant with a metallurgical powder is to combined the 
lubricant, generally in solid particulate form, with the metal powder itself. 

SUMMARY OF THE INVENTION 

45 [0006] The present invention provides a method of incorporating a combined lubricant and sintering aid into a powder 
metallurgical composition of iron-based powders. According to the method in accordance with claim 1 the composition 
of iron-based powders is contacted with an organic-solvent based solution of a metal salt of a fatty acid. The iron pow- 
ders and the solution are used in relative amounts so as to provide about 0.1-3.0 weight parts of the salt per 100 weight 
parts of the iron-based powders. After the powders have been sufficiently wetted by the solution, the solvent is removed 

so to provide iron-based particles having a coating of the metal salt. 

[0007] In preferred embodiments, the metal component of the salt is capable of forming an alloy with iron under the 
sintering conditions normally used in the powder metallurgical arts. Preferably the metal is copper, molybdenum, nickel, 
manganese or mixtures thereof. In other preferred embodiments, the fatty acid is a C 12 -C 2 o fatty acid, such as stearic 
acid. In most preferred embodiments, the metal salt is copper (II) stearate. 

55 [0008] The present invention provides a method of intimately incorporating sintering aid alloying elements and lubri- 
cant into the powder composition in a manner that wets or coats the base iron powders in a substantially uniform man- 
ner. The resulting powder composition has enhanced lubrication properties upon compaction, particularly in the initial 
part of the pressing cycle, and enhanced finished metal part properties upon sintering. Accordingly, the composition 
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can be formulated and used without the need for the separate addition of other organic binders or lubricants. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

5 [0009] Methods for preparing a metallurgical powder composition of the kind containing a lubricant are set forth 
herein. The lubricant is provided as a metaJ salt of a fatty acid, the metal preferably being capable of forming an alloy 
with iron under conventional sintering conditions. The methods of the invention provide a self-lubricated metallurgical 
powder which, upon compaction and sintering using conventional powder metallurgy techniques, produces parts with 
superior strength and density properties. The powder can be formulated without the need for the separate addition of 

w other organic binders or lubricants. The metallurgical powder can be compacted and sintered using conventional pow- 
der metallurgy techniques. 

[001 0] The lubricant is introduced in the form of a metal salt of a fatty acid in solution in an organic solvent. The iron- 
based powder is then wetted with the solution in a manner that ensures intimate and homogeneous contact between 
the solution and the iron-based powders. The organic solvent is then removed to produce the final powder composition 

is of iron-based particles having a coating of the metal salt. 

[0011] The coating of metal salt of fatty add serves two important functions. The fatty acid portion provides lubricity 
to the powder composition upon compaction, while the metal portion provides ultrafine metal particles that form desired 
alloys along the grain boundaries upon sintering. The fatty acid portion of the salt is preferably a C 12 -C 2 o fatty acid, 
more preferably stearic acid. The metal portion of the salt is preferably a metal that is capable of forming an alloy with 

20 iron under conventional sintering conditions, such as copper, nickel, manganese, molybdenum, or mixtures of these. 
The preferred metal salt is copper (II) stearate. It is further preferred that the copper (II) stearate be of relatively high 
purity, in essentially stoichiometric proportion, thereby providing a copper compound containing about 10-12 weight 
percent copper. 

[001 2] The amount of salt provided to the iron-based powders can be optimized for a particular application. The metal 
25 component acts as a sintering aid providing increased strength and is thus beneficial at levels sufficiently high to pro- 
mote good alloy formation. The fatty acid component acts as an internal lubricant, but since the organic portion also 
occupies space, its presence can adversely affect compressibility. It has been determined that the amount of the metal 
salt relative to the iron-based powders is about 0. 1 -3 weight parts of metal salt per 1 00 weight parts of the unlubricated 
powder. More preferably about 0.5-1 weight parts, and most preferably about 0.7-0.8 weight parts, of metal salt are pro- 
30 vided for each 100 weight parts of the iron-based powder. These preferred weight ratios are particularly preferred when 
the iron particles have an average particle size in the range of about 70-100 microns. 

[001 3] The iron-based particles that are useful in the invention are any of the iron or iron-containing (including steel) 
particles that can be admixed with particles of other alloying materials for use in standard powder metallurgical meth- 
ods. Examples of iron-based particles are particles of pure or substantially pure iron; particles of iron pre-alloyed with 

35 other elements (for example, steel-producing elements); and particles of iron to which such other elements have been 
diffusion-bonded. The particles of iron-based material useful in this invention have a weight average particle size in the 
range of about 10-350 microns. Preferred are particles having a maximum average particle size of about 150 microns, 
and more preferred are particles having an average particle size in the range of about 70-100 microns. 
[0014] The preferred iron-based particles for use in the invention are highly compressible powders of substantially 

40 pure iron; that is, iron containing not more than about 1 .0% by weight, preferably no more than about 0.5% by weight, 
of normal impurities. Examples of such metallurgical grade pure iron powders are the ANCORSTEEL 1000 series of 
iron powders (e.g. 1000, 1000B, and 1000C) available from Hoeganaes Corporation, Riverton, New Jersey. As a par- 
ticular example, ANCORSTEEL 1000B iron powder, which has a typical screen profile of about 21% by weight of the 
particles below a No. 325 sieve and about 12% by weight of the particles larger than a No. 100 sieve (trace amounts 

45 larger than No. 60 sieve) with the remainder between these two sizes. The ANCORSTEEL 1000B powder has an 
apparent density of from about 2.8 to about 3.0 g/cm 3 (typically about 2.92). 

[001 5] The pre-alloyed powders are particles of iron that have been pre-alloyed with one or more elements of the kind 
that are known in the metallurgical arts to enhance the strength, hardenability, electromagnetic properties, or other 
desirable properties of the final sintered product. The pre-alloyed particles can be made by methods well-known in the 
so art, including making a melt of the iron and the element or elements with which it is to be pre-alloyed and then atomizing 
the melt, followed by cooling and solidification of the atomized droplets to form the powder. 

[001 6] The alloying materials that can be so combined with iron include, but are not limited to. elemental molybdenum, 
manganese, chromium, silicon, copper, nickel, tin, vanadium, columbium (niobium), metallurgical carbon (graphite), 
phosphorus, aluminum, sulfur, and combinations thereof. Other suitable alloying materials are binary alloys of copper 
55 with tin or phosphorus; ferro-alloys of manganese, chromium, boron, phosphorus, or silicon; low-melting ternary and 
quaternary eutectics of carbon and two or three of iron, vanadium, manganese, chromium, and molybdenum; carbides 
of tungsten or silicon; silicon nitride; and sulfides of manganese or molybdenum. 

[001 7] An example of a pre-alloyed iron-based powder is iron pre-alloyed with molybdenum (Mo), a preferred version 
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of which can be produced by atomizing a melt of substantially pure iron containing from about 0.5 to about 2.5 weight 
percent Mo. Such a powder is commercially available as Hoeganaes ANCORSTEEL 85HP steel powder, which con- 
tains 0.85 weight percent Mo, less than about 0.4 weight percent, in total, of such other materials as manganes , chro- 
mium, silicon, copper, nickel, or aluminum, and less than about 0.02 weight percent carbon. 

5 [0018] The diffusion-bonded iron-based particles are particles of substantially pure iron that have a layer or coating 
of one or more other metals, such as steel-producing elements, diffused into their outer surfaces. One such commer- 
cially available powder is DISTALOY 4600A diffusion bonded powder from Hoeganaes Corporation, which contains 
1 .8% nickel. 0.55% molybdenum, and 1.6% copper. Other such alloy-coated iron particles can be prepared by the sol- 
coating method disclosed in U.S. Patent No. 4,975,333 issued December 4, 1990, to Johnson et al. 

10 [0019] The fatty acid metal salt is coated onto the iron-based metal powder in the form of a solution in an organic 
solvent. The organic solvent is preferably volatile, substantially non-polar, and chemically inert to both the metal salt and 
the iron-based powder. A preferred solvent for use with copper salts is tetrahydrofuran (THF). Amines, preferably pri- 
mary and secondary amines having 1-4 carbons in the hydrocarbon radical(s), are preferred for the other metal salts. 
The preferred amine solvent is diethylamine. 

15 [0020] The coating process is conducted such that the iron-based powder is intimately contacted with the solution of 
the metal salt. The concentration of the solution of metal salt is not critical, but because of such factors as solvent cost, 
removal cost, and environmental concern, the amount of solvent (that is, the diluteness of the solution) should generally 
be no greater than that necessary to ensure that the amount of powder to be coated can be thoroughly wetted. Typically, 
the solution concentration is about 25-100 grams of metal salt per liter of solution. One method of applying the metal 

20 salt is to spray the metal salt solution onto an agitated bed of the iron-based powder with continued mixing until removal 
of the solvent. The process is preferably conducted by flowing an inert gas through the mixing vessel to facilitate evap- 
orative removal of the solvent. 

[0021] The density and strength of compacts made from iron-based metal powders lubricated with copper (II) stearate 
according to the present invention are illustrated in the following experimental results. As comparative controls, com- 

25 pacts were made from iron-based powders that had been conventionally lubricated with ACRAWAX, a known lubricant 
for powder metallurgical purposes, or with copper (II) stearate; in the case of each control, the lubricant was combined 
with the iron-based powders in the conventional manner, by simply admixing the lubricant, in dry particulate form, with 
the iron-based powder. The iron-based powder used in these experiments was Hoeganaes ANCORSTEEL 1000B. 
[0022] The copper (II) stearate used in these experiments was prepared according to the following procedure: Potas- 

30 sium stearate was first prepared by dissolving 60 g KOH in 1 liter distilled water and heating the solution to boiling. 
Stearic acid, 70g, was added and stirred until a jelly of potassium stearate formed. The mixture was allowed to stand 
for about 16 hours to separate the solid potassium stearate, which was thereafter blended with an equal part of meth- 
anol and filtered. This filtering operation was conducted two more times using 4 parts methanol to 1 part potassium 
stearate. The potassium stearate (about 3 grams) was then dissolved in 150 ml of distilled water. Another solution was 

35 prepared with about 1 .2g cupric sulfate in 50 ml distilled water. The two solutions were combined, producing a blue pre- 
cipitate of copper (II) stearate. The precipitate was filtered and washed with distilled water. 

[0023] The three lubricant additives were admixed with the iron powder at levels of 0.75% wt. based on the weight of 
the iron powder. The controls of Acrawax and dry particulate copper (II) stearate were admixed with the iron powder 
using a mortar and pestle. To demonstrate the present invention, copper (II) stearate was dissolved in THF to a concen- 
40 tration of about 60 grams of metal salt per liter of solvent. The iron powder was then wetted with this solution, in relative 
amounts to provide about 0.75 part metal salt per 100 parts of iron-based powder. The solvent was thereafter removed, 
leaving a dry flowable powder. 

[0024] The samples of the invention and two controls were then admixed with 0.6% wt. graphite, based on the weight 
of the lubricant-containing iron powder. The powder samples were compacted at 25 tons per square inch (tsi) and sin- 
45 tered at 1100°C in a hydrogen atmosphere for 1 hour. The green density, sintered density, and transverse rupture 
strength (TRS) values for the compacts made from powders of the invention, as shown in Table 1 , were greater than 
those of the two controls. 



TABLE 1 



Lubricant 


Green Density (g/cnr*) 


Sintered Density 
(g/cm 3 ) 


TRS (kpsi) 


ACRAWAX 1 


6.59 


6.55 


59 


Dry-blended Cu(ll)St 1 


6.57 


6.54 


64 


Solution Cu(ll)St 1 


6.70 


6.68 


66 



Average data of three test samples. 
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[0025] In a second comparative experiment iron powders lubricated with ACRAWAX lubricant in the conventional 
manner were compared to iron powders lubricated with copper (II) stearate according to the present invention. The 
weight percent composition of the Acrawax lubricant powder sample was 98.65% iron powder (Ancorsteel 1000B), 
0.6% graphite, and 0.75% Acrawax lubricant; the sample lubricated with copper (II) stearate was 98.65% ir n powder 

5 (Ancorsteel 1 000B), 0.6% graphite, and 0.75% (dry basis) copper (II) stearate (added as a THF-based solution coating 
to the iron powder as described above). The powders were compacted at 50 tsi and sintered at 1 1 20°C for 30 minutes 
in dissociated ammonia. The green density, sintered density. TRS. hardness, and stripping and sliding pressures were 
measured as shown in Table 2. The compacts made from the powder lubricated with copper (II) stearate according to 
the present invention showed improved strength at the increased compaction pressure while maintaining desired lubri- 

,o cation characteristics. 



TABLE 2 



Lubricant 


Green Density 
(g/cm 3 ) 


Sintered Density 
(g/cm 3 ) 


TRS (kpsi) 


Hardness (Rb) 


Strip (psi) 


Slide (psi) 


ACRAWAX 


7.01 


7.12 


100 


50.3 


4,245 


2,115 


Solution Cu(ll)St 


7.00 


7.16 


116 


57.8 


4,200 


1,899 


1 psi = 6.9 kPa | 
1 kpsi = 6.9 mPa 



Claims 

25 1 . A method of producing a lubricated iron-based metallurgical powder composition, comprising: 

(a) providing a solution of a metal salt of a fatty acid in an organic solvent, said metal being capable of forming 
an alloy with iron; 

(b) wetting a metallurgical powder composition comprising iron-based particles having a weight average parti- 
30 cle size of from about 1 0-350 microns with said solution in an amount to provide about 0.1 -3 parts by weight of 

metal salt to about 100 parts by weight of the iron-based particles; and 

(c) removing the solvent to provide iron-based particles having a coating of the metal salt. 

2. The method as claimed in claim 1 , characterised in that said metal is copper, molybdenum, nickel, manganese, or 
35 mixtures of these. 

3. The method as claimed in claim 1 or 2, characterised in that the fatty acid is a C 12 - C 2 o acid. 

4. The method as claimed in claim 1, 2 or 3, characterised in that the solvent comprises tetrahydrofuran or diethyl- 
40 amine. 

5. The method as claimed in any preceding claim, characterised in that the metal salt solution is used in an amount 
to provide about 0.5-1 parts by weight of metal salt to about 100 parts by weight of the iron-based particles. 

45 6. The method as claimed in any preceding claim, characterised in that the metal comprises copper. 

7. The method as claimed in any preceding claim, characterised in that the metal salt is copper (II) stearate. 

8. The method as claimed in claim 7, characterised in that the metal salt solution is used in an amount to provide 
so about 0.7-0.8 parts by weight of metal salt to about 1 00 parts by weight of the iron-based particles. 

9. The method as claimed in any preceding claim, characterised in that said iron-based particles comprise iron parti- 
cles containing less than about 1% by weight of impurities. 

55 10. A method for producing a sintered component, comprising: 

(a) providing a lubricated iron-based metallurgical powder composition made by the process comprising 
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(1) providing a solution of a metal salt of a fatty acid in an organic solvent, said fatty acid being a C,mo 
acid and said metal being capable of forming an alloy with iron and being selected from the group consist- 
ing of copper, molybdenum, nickel, manganese, and mixtures of these; 

(2) wetting a metallurgical powder composition comprising iron-based particles having a weight average 
particle size of from about 10-350 microns with said solution in an amount to provide about 0.1-3 parts by 
weight of metal salt to about 100 parts by weight of the iron-based particles; and 

(3) removing the solvent to provide iron-based particles having a coating of the metal salt; 

(b) compacting said lubricated iron-based metallurgical powder composition in a die under pressure; and 

(c) sintering said compact to form said sintered component. 



Patentanspruche 



1. 



Ein Vertahren zur Herstellung einer geschmierten, eisenbasierenden metallurgischen Pulverzusammensetzung. 
is bestehend aus: 

(a) Herstellung einer Losung eines Metallsalzes einer Fettsaure in einem organischen LOsungsmittel. wobei 
besagtes Metall zur Bildung einer Legierung mit Eisen fahig ist; 

zo (b) Benetzen einer metallurgischen Pulverzusammensetzung. mit eisenbasierenden Partikeln von einer mrtUe- 

ren GewichtspartikelgroBe von elwa 10-350 Mikrometer mit besagter Losung in einer Menge, urn etwa 0.1-3 
Gewichtsteile des Metallsalzes auf etwa 100 Gewichtsteile der eisenbasierenden Partikel berertzustellen; und 

(c) Entfernung des Lflsungsmittels urn eisenbasierende Partikel mit einer Metallsalzbeschichtung zu erhalten. 

2. Vertahren nach Anspruch 1 . dadurch gekennzeichnet, daB das besagte Metall Kupfer. Molybdan, Nickel. Mangan 
Oder Mischungen aus diesen ist. 

3. Vertahren nach Anspruch 1 Oder 2. dadurch gekennzeichnet, daB die Fettsaure eine C 12 -C2 0 Saure ist. 

4. Vertahren nach Anspruch 1, 2 oder 3, dadurch gekennzeichnet. daB das LOsungsmittel Tetrahydrofuran oder 
Diathylamin enthalt. 

5. Vertahren nach einem der vorangegangenen AnsprOche, dadurch gekennzeichnet. daB die Metellsatziesung in 
einer Menge verwendet wird. urn etwa 0.5-1 Gewichtsteile den Metallsalzes auf etwa 100 Gewichtste.le der eisen- 
basierenden Partikel berertzustellen. 

6. Vertahren nach einem der vorangegangenen AnsprOche. dadurch gekennzeichnet. daB das Metall Kupfer ent- 
halt. 

7. Vertahren nach einem der vorangegangenen AnsprOche. dadurch gekennzeichnet. daB das Metallsalz ein Kup- 
fer-(ll)-stearat ist. 

8 Vertahren nach Anspruch 7. dadurch gekennzeichnet, daB die MetallsalzlOsung in einer Menge benutzt wird urn. 
etwa 0,7-0.8 Gewichtsteile des Metallsalzes auf etwa 100 Gewichtsteile der eisenbasierten partikel berertzustellen. 

9 Vertahren nach einem der vorangegangenen AnsprOche. dadurch gekennzeichnet. daB die eisenbasierenden 
Partikel Eisenpartikel mit weniger als etwa 1 Gewichtsprozent Verunreinigungen enthalten. 

so 1 0. Vertahren zur Produktion eines gesinterten Einzelteils, bestehend aus: 

(a) Herstellung einer geschmierten eisenbasierenden metallurgischen Pulverzusammensetzung. hergestellt 
durch den ProzeB durch 

55 (1) Herstellung einer Losung aus Metallsalz einer Fettsaure in einen organischen LOsungsmittel. wobei 

besagte Fettsaure eine C^o Saure ist und wobei das Metall befahigt ist zur Bildung einer Legierung 
mit Eisen und ausgewahrt ist aus der Gruppe bestehend aus Kupfer. Molybdan, Mangan und Mischungen 
aus diesen; 



25 
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(2) Benetzen einer metallurgischen Pulverzusammensetzung mit eisenbasicrenden Partikeln mil einer 
mittleren GewichtspartikelgrdBe von etwa 10-350 Mikrometern mit besagter Losung in einer Menge, urn 
etwa 0,1-3 Gewichtsteile des Metailsalzes auf etwa 100 Gewichtsteile der eisenbasierenden Partikel 
ber "rtzustellen; und 

(3) Entfernung des Losungsmittels urn eisenbasierende Partikel mit einer Metallsalzbeschichtung zu 
erhatten; 

(b) Kbmpaktierung besagter geschmierter eisenbasierender metallurgischer Pulverzusammensetzung unter 
Druck in einer Matrize; und 

(c) Sinterung besagter Kompaktform zur Bildung des besagten gesinterten Einzelstuckes. 
Revendicatfons 

1 . Methode de production d'une composition de poudre metallique a base de fer lubrif ie, comprenant les etapes con- 
sistant a : 

a) preparer une solution d'un sel metallique d'un acide gras dans un Solvant organique. ledit metal etant capa- 
ble de former un alliage avec le fer ; 

b) mouiller une composition de poudre metallique comprenant des particules a base de fer avant une granulo- 
mere moyenne d'environ 10 a 350 urn avec ladite solution etant presente en une quantite fournissant environ 
0,1 a 3 parties en poids de sel metallique pour environ 100 parties en poids de particules a base de fer ; et 

c) eliminer le solvant pour obtenir des particules a base de fer ayant un revetement constitue du sel metallique. 

2. Methode selon la revendication 1 , caracterisee en ce que ledit metal est le cuivre, le molybdene, le nickel, le man- 
ganese ou des melanges de ceux-ci. 

3. Methode selon la revendication 1 ou 2, caracterisee en ce que I'acide gras est un acide en C 12 -C20. 

4. Methode selon la revendication 1 , 2 ou 3, caracterisee en ce que le solvant comprend du tetrahydrofurane ou de 
la diethylamine. 

5. Methode selon Tune quelconque des revendications precedents, caracterisee en ce que la solution de sel metal- 
lique est utilisee dans une quantite fournissant environ 0,5 a 1 partie en poids de sel metallique pour environ 100 
parties en poids de particules a base de fer. 

6. Methode selon I'une quelconque des revendications precedentes, caracterisee en ce que le metal comprend du 
cuivre. 

7. Methode selon I'une quelconque des revendications precedentes, caracterisee en ce que le sel metallique est le 
stearate de cuivre (II). 

8. Methode selon la revendication 7, caracterisee en ce que la solution de sel metallique est utilisee dans une quan- 
tite fournissant environ 0,7 a 0,8 partie en poids de sel metallique pour environ 100 parties en poids de particules 
a base de fer. 

9. Methode selon I'une quelconque des revendications precedentes, caracterisee an ce que lesdites particules a 
base de fer comprennent des particules de fer contenant moins d'environ 1 % en poids d'impuretes. 

10. Methode pour la production d'un composant fritte, comprenant ce qui suit : 

a) preparer une composition de poudre metallique a base de fer lubrif ie elaboree suivant le precede compre- 
nant ce qui suit : 

(1) preparer une solution d'un sel metallique d'un acide gras dans un solvant organique, ledit acide gras 
etant un acide en C 12 -C 20 et ledit metal etant capable de former un alliage avec le fer et etant choisi a partir 
du groupe comprenant le cuivre, le molybdene. le nickel, le manganese et des melanges de ceux-ci ; 
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(2) mouiiler une composition de poudre metallique comprenant des particules a base de f er ayant une gra- 
nulomere moyenne d'environ 10 a 350 urn avec ladite solution dans une quantite fournissant environ 0.1 
a 3 parties en poids de sel metallique pour environ 100 parties en poids de particules a base de fer ; et 

(3) eliminer !e solvant pour obtenir des particules a base de fer ayant un revetement constitue par le sel 
metallique ; 

b) comprimer ladite composition de poudre metallique a base de fer lubrrf ie dans une matrice sous pression ; 
et 

c) fritter ledit produit de compression pour former (edit composant f ritte. 
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